Abstract-The article is devoted to solving the problem of mathematical and simulation modeling of linear magnetoelectric drive (LMED) for the research of rheological characteristics of elastomers. A special feature of the linear drive is lack of transmitting and convertive elements between the anchor, which is a clamping rod, and a test sample of the elastomer, what makes it necessary to include equations describing nonlinear viscosity processes in the General model of the LMED when solving the modeling problem. The possibility of using multi-circuit equivalent circuits, which can be synthesized on the basis of experimental data obtained for the test sample of a certain brand of elastomer under its loading to fixed values of the relative strain, is shown. As a result of the relaxation process of the test sample of the elastomer, the exponential time dependence of the mechanical stress is investigated, which can be subsequently represented by the sum of the exponents with different time constants. The analogy in the recording of the time dependence of the mechanical voltage and current in the electrical circuit containing RC-elements, as well as fixed deformation and constant voltage of the power supply makes it possible to establish a correspondence between the specified values and to create an equivalent circuit of substitution of the test sample of the elastomer. The number of parallel branches of the substitution scheme, as well as its parameters can be determined on the basis of an experiment to remove the time dependence of the mechanical stress at a fixed value of the relative strain. The article also presents a General mathematical model and its implementation in the software MATLAB/Simulink
I. INTRODUCTION
The wide application of elastomers in many industries make the research of viscoelastic characteristics relevant. A wide range of elastomers, which differ in their properties, makes it preferable to use experimental test methods in relation to other research methods [1] [2] [3] [4] [5] . In view of this circumstance, there are quite a number of stands and installations for testing viscoelastic properties of elastomers. As a rule, such installations include transmission and conversion mechanisms, which reduce reliability, as well as worsen the accuracy of measurements. Development of the drive, in which the working body is combined in function with the clamping rod will eliminate additional links and improve the quality of testing of elastomers. This circumstance in the light of the emerging trend of development of modern industrial technologies reveals new approaches to solving traditionally complex for electric reciprocating motion problems, which are the analysis of magnetic drive systems, the distribution of the magnetic field in the working volume, the influence of eddy currents in massive magnetic circuits, optimization of designs and research of optimum modes of power conversion of the drive.
In the article, the problem of modeling a linear magnetoelectric drive for testing viscoelastic properties of elastomers is a reflection of the specific features associated with the mathematical representation of systems of different physical nature, as well as the study of its working process.
II. TASK DESRIPTION
The consider the general problem of the LMED modeling for testing viscoelastic properties of the elastomer. The mathematical model can include equations:
-describing electrical condition of the winding coil of the linear magnetoelectric motor; -describing the motion of the clamping rod of a linear magnetoelectric motor; -describing viscoelastic processes occurring in the test sample of the elastomer [6] .
When developing a mathematical model of the drive, we will take into account that due to the nonlinear properties of the elastomers at sinusoidal current in the motor winding, the voltage at the terminals will be non-sinusoidal. In this regard, there is a need to develop a controlled current source that provides a given mode of loading the test sample of the elastomer in accordance with the established test standard.
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III. THEORY
The research of the operating mode of the LMED under steady oscillations is associated with the description of the physical processes occurring in various subsystems of the drive, the combination of equations into a common system and its solution.
To form a General mathematical model of the LMED for testing viscoelastic properties of elastomers, we assume the following assumptions:
-the power supply and control system are given by one equation that determines the law of the current change in the winding of a linear magnetoelectric motor; -clamping of the electromagnetic force and back-EMF in the winding coil of the linear motor does not depend on speed of the armature; -the inductance of the winding will be considered constant;
-to take into account viscoelastic load properties in the model, we will use the results of synthesis of a multi-circuit scheme for the substitution of the stress-strain state of a LMED test sample of the elastomer removed from the stress relaxation experience under a given strain [7] . The mathematical model uses the average values of the parameters of the equivalent circuit at different values of the relative strain.
To study the dynamics of the LMED equations must be combined into a system and to solve it using numerical methods for the analysis of rigid systems of equations characterized by a large range of changes in the time constants, with zero initial conditions and constraints.
The general mathematical model of the system of equations for the equivalent circuit containing three independent circuits can be written as: 
,
IV. MODELING
To research the magnetic field of the basic design of a linear magnetoelectric motor using the ANSYS/Multiphysics program, a calculation scheme of the magnetic system of the engine was constructed and its geometrical parameters were determined (Fig. 1 The results of modeling the magnetic field of a linear magnetoelectric motor are presented in fig. 2 . 
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Experimental studies were carried out for two elastomers that differed sharply in their properties with carbon black filler P-550 and P-234. Uniaxial compression of elastomer samples is performed to fixed values of the relative strain. Measuring force sensors located directly under the test sample record the relaxation process. In Fig. 3 shows the experimental time dependences of the output signal characterizing the process of relaxation of mechanical stress in prototypes of elastomers. Using the results of the calculation of the induction of the electromagnetic field in the software, it is possible to determine the inductance of the motor winding. The induction in the external and internal gaps is 0.474 Т and 0.586 T, while the inductance of the motor winding is 0.038 H.
V. EXPERIMENTAL RESULTS
Experimental researches have been carried out for two elastomers with a filler of carbon black P-550 and P-234 that differ sharply in their properties. The experimental samples of elastomers are compressed uniaxial to fixed values of the relative deformation. Force measurement sensors located directly under the test sample record the relaxation process. Experimental time dependences of the output signal characterizing the process of mechanical stress relaxation in experimental elastomer samples are presented in fig. 3 . Using the results of an experiment to remove the time dependence of the mechanical stress in the relaxation process using the relations given in [8] , it is possible to synthesize a scheme of replacement of the test sample of the elastomer. (Fig. 4) . The average values of the parameters of the multi-circuit equivalent circuit of the experimental sample of the elastomer for different values of deformation are given in Table 1 and fig.5 . For fig. 6 the simulation model of the linear magnetoelectric drive for testing viscoelastic properties of elastomers are built using systems of equations (1) .
Using the simulation model in MatLab/Simulink, it is possible to study the LMED (Fig.7) [9] [10] [11] [12] . 
VI. CONCLUSION
The results of the research show the principal possibility of using multi-circuit schemes of replacement of experimental elastomer samples in the General problem of modeling the magnetoelectric motor as a whole.
The inductance of the winding of a magnetoelectric motor can be determined from the solution of the problem of modeling the magnetic field of a linear motor.
The paper implements a mathematical model in MatLab/Simulink software. On the basis of the obtained results, it is shown that the obtained characteristics can be used in solving the General problem of modeling a linear magnetoelectric motor.
